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© A new method for preparation of anthracycitne derivatives. 

© An improved process for the production of anthracycline 
derivatives of the general formula; 
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wherein R» is hydrogen, tetrahydropyranyl, 6-acetoxv- 
methyltetrahydropyranyl, B-methoxytetrahydropyranyl, 
6-carbomethoxytetrahvdropyranyl. tetrahydrofuranyl, 
1-methoxyethyl. 1-ethoxvethyl, l-butyloxyethyl, 1-iso- 
butyloxyethyl, 1-(6-methylheptyloxv) ethyl or cyclohexyl- 
oxyethyl group, which comprises reacting 14-halogen- 
odaunomycin of the formula; 
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wherein X is halogen atom; or a salt thereof, with di- 
hydropyrane, 2-acetoxynnethyl-3,4-dihydro-2H-pyrane, 
2-methoxy-3,4-dihydro-2H-pyr8ne, 2-carbomethoxy-3, 
4-dihydro-2H-pyrane, dihydrofurane, methylvlnylether. 
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ethylvinylether. butyl^^l ether, isobutylvinylether, 
6-methylheptylvtnylethej^^kiohexvlvinylether, in the pre- 
sence of an acid catalyst i^Pfrganic solvent, hereby obtain- 
ing 14-halogenodaunomycin derivatives of the formula; 



0 OH 0 




wherein R', X hove the same meaning as defined above 
except for hydrogen, 

and treating with an alkali 14-halogenodaunomycin or the 
14-halogenodaijnomycin derivatives obtained in the preced- 
ing step, in a lower alcohol or aqueous acetone to effect ' 
hydrolysis, hereby obtaining anthracycline glycosides; of the 
formula; 




wherein has the same meaning as defined above, or an 
acid salt thereof. 
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A new method for preparation 
of anthracycline derivatives 



Detailed description of the invention 

This invention relates to an improved process for the 
production by way of fewer steps of a less toxic, antitumor 
compounds, anthracycline glycosides of the general formula; 




wherein R is hydrogen, tetrahydropyranyl, 6-acetoxy- 
methyltetrahydropyranyl , 6-methoxy tetrahydropyranyl , 
6-carbomethoxytetrahydropyranyl, tetrahydrof uranyl, 
1-methoxyethyl, 1-ethoxyethyl, 1-butyloxyethyl , 1-iso- 
butyloxyethyl, l-(6-methylheptyloxy)ethyl or cyclo- 
•hexyloxyethyl group; 
or an acid addition salt thereof. 



0; <EP O039060A1 J.> 



J 




0039060 



- 2 - 



This process consists of three steps; (1) halogenation 
of C-14 position of daunomycin with halogen in an inert 
organic solvent containing a less quantity of methanol 
(2)- reacting the obtained 14-halogenodaunoniycin, after treating 
with acetone, with dihydropyrane, dihydropyrane derivatives, 
alkylvinylether etc., to obtain C-4' position etherif icated 
derivatives and (3) alkali hydrolysis of 14-bron)odaunoniycin 
or the etherificated derivatives obtained in the preceding 
step, in an organic solvent. 

The present inventors have found that anthracycline 
glycosides of the formula (III); 




(III) 



|NH2 

2 

wherein R is tetrahydropyranyl, B-acetoxymethyltetra- 
^ hydropyranyl, 6-inethoxytetrahydropyranyl, 6-carbomethoxy 
tetrahydropyranyl , tetrahydrof uranyl , 1-methoxye thyl , 
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l-ethoxyethyl, 1-butyloxyethyl, 1-lsobutyloxyethyl, 
l-(6-methylheptyloxy)ethyl or cyclohexyloxyethyl group, 
have an effective antitumor activity, and that the anthra- ' 
cycline glycosides can be synthesized through 4 steps from 
the starting material, daunomycin that is ; (i) bromination 
of daunomycin with bromine to obtain the C-14 position 
brominated daunomycin derivatives of the formula (VII) (2) 
reacting said C-14 position brominated daunomycin with a 
compound of COOK, for example, in acetone, wherein R^ 
is a C^-Cg alkyl group or benzy.l group, K is an alkali 
metal to obtain a compound of the formula (IV) 

CH3O OCH3 
\ y 
C-CHzBr 




(VII) 



14-bromodaunomycindimethylketkl 



C -CH2OCOR' 



OCH3 O OH 




(IV) 
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wherein has same meaning as defined above, 
(3) reacting the resulting compound (IV) with a dihydro- 
furane derivatives, dihydropyrane, a dihydropyrane de- ' 
rivatives or a vinylether derivatives etc., to obtain C-4' 
position substituted derivatives ot the formula (VI); 
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(VI) 



Wherein n\ have the same meaning as- defined above 
and (4) hydrolysis of the resulting compound (VI) with an 
alkali in a lower alcohol or aqueous acetone, to obtain C-14 
position desacylated product of the formula (III), (see; 
Japanese patent application No. 11702/1979, No! 110255 
and U.S. patent application serial No. 117163) 

It has been found that when daunomycin is brominated 
according to this prior art process, there are obtained a 
compound of the formula (VII) mentioned above and a compound 
of the formula (I) as shown below simultaneously. 
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This fact was considered to result in a low yield of the 
final product (III), because it is synthesized using a mixture 
of compound (I) and (VII) as the starting material. 

The present investors have further made research on the 
production method to improve the yield of the final product 
(III), in the process of this research, it was found that 
C-14 position bromination of daunomycin using a less quantity 
of methanol than in said prior art process decreases the yield 
of (VII) and has the compound (I) obtained as main product. 

The present inventors have also found that the compound 
(VII) which is now by-product is easily converted into the 
compound (I) by acetone treatment, and the crude product 
eijriched in the compound (I) is converted with a hydroxyl 
reagent into a compound of the formula (II); 
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Wherein 8 Is tetrahydrcpyranyl, 6-acetoxy„ethyltetra- 

hyteopyranyl, 6-,„etb6xytetrahydropyranyl, 6-carbo- 

.ethoxytetra-ydropyranyl, tetrabydroiura„,l, l^thoxy- 

ethyl, 1-efhoxyothyX, 1-butyloxyethyl, l-lsobutyioxy- 

ethyz, l-(6-n,ethylbeptyloxy)etbyl or cyclobexyloxyethyl 
group, 

by treating It wltb dibydropyrane, 2-acetoxy„etbyl-3,4-dlbydr„. 
2E-pyra„a. 2-aetboxy-3,4-dihydro-2H-py.a„e. 2-carb«ethoxy-3 
4-dihydro-2H-pyra„e, dlbydrof urane, n.ethyl»l„yiether 
ethylvinyi.ther, butylvi„yietb«, lsobutylvi„yiether' 
6-methylheptylvl„ylether or cyclohexylvl.ylethsr. i.'blgber 
yield, wbicb 1. easily bydroly.ed by treatl^ «tb aa alkali 
ia an lower alcohol or a,ueous acetone to obtain the final • 
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product (III), whereas ketal bromide compounds obtained 

from compounds (VII) are 'not easily hydrolyzed into 

hydroxyl compounds of the formula (III) by the same treatment. 

Therefore, this invention relates to a production 
method of the final product (III) from the starting material, 
daunomycin in a higher yield (above 16 %), by way of 3 steps 
without, the step of c-14 acylation with R^COOK as in the 
prior art process. 

This invention, in its scope, comprises the production 
process of adriamycih from daunomycin which does riot need 
the.etherification of C-4' position of 14-bromodaunoraycin, 



The present invention relates to a new method for 
preparation of anthracycline derivatives. More particularly, 
it relates to a novel method for preparation from daunomycin 
of anthracycline glycosides represented by the following 
formula (III) or their acid addition salts 




III) 
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where is selected from the group consisting of 
tetrahydropyranyl; 6-substituted tetrahydropyranyl 
• such as 6-acetoxyn,ethyltetrahydrppyranyl. 6-^ethoxy- 
tetrahydropyranyl and 6-carbon,ethoxy tetrahydropyranyl • 
tetrahydrofuranyl; allcyloxyethyl such as l-.ethoxy ethyl 
1-ethoxyethyl, l-butyloxyethyl, l-isobutyloxyethyl, ' 
l-(6-methylheptyloxy)ethyl and cyclohexyloxyethyl; ' 
and hydrogen. 

The present i„ve«ors have succeeded 1, synthesis of 
»ew, less toxic .nthracyciin. glycosides with a„tlt«or 
activity by treating daunomycin derivatives represented 
by formula (IV) 



OCH3 0 OH 



OH 
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( IV ) 



»here is an alkyl group having 1 - e carbon atcns 
or benzyl^ 

»itb a hydroxyl reagent such as dihydropyrane, its derivatives 
dihydrofurane derivatives and vinyl ether derivatlvea in 
order to incorporate at position a tetrahydropyranyl 

6-substituted tetrahydropyranyl, tetrahydrofuranyl or 1-' 
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alkoxyethyl group removing an acyl group at C-14 position 
from the product by hydrolysis, Based on these findings, 
a patent application was filed (Japanese Patent Application 
No, SHO 54-110255. U.S. Patent Application No. 117163). 
In summary, daunoraycin represented by formula (V) 




( V ) 



or its salts are halogenated, and preferably brorainated, 
at C-14 position in the presence of an inert organic solvent 
to provide halogenated preferably brominated daunoraycin 
which has been proved to be a mixture of two types of com- 
pounds of formula (I) and formula (VII) as shown below^ 
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( I ) 



OH 



CH3O OCH3 
V/ 




(VII) 

H) ) ^ ^^~*^^^°^aunoniycindiniethylketal 

2^2 



■ where X is a halogen atom; ' 
or its salts: The halo^enated, preferably hro.i„ated 
ciauno^ycin is converted to the aforementioned compound 
represented by formula (IV),. for example, hy treating 
With r3cook (Where is an alkyl group having 1 - e 
carhon ato^s or benzyl; and K is an alkaline .etal ato.^ 

acetone. The ester represented by formula (IV) is 
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allowed to react with dihydrof urane derivatives, dihydro- 
pyrane, dihydropyrane derivatives and vinyl ether de- 
rivatives such as alkylvinyl ether in the presence of an 
acid catalyst such as p-toluenesulf onic acid in dimethyl- 
formamide to yield an intermediate compound represented by 
formula (VI) 




3 

where R has tne same definition as for formula (IV); 
4 

and R is selected from the group consisting of 1- 
alkoxyethyl such as 1-methoxy ethyl, 1-ethoxy ethyl, 
1-butyloxyethyl, 1-isobutyloxyethyl, 1-^6-roethyl- 
heptyloxy) ethyl; tetrahyarof uranyl ; tetrahydropyranyl, 
and 6-substituted tetrahydropyranyl such as 6-methoxy- 
tetrahydropyrany 1 , 6-carbomethoxy tetrahydropyranyl and 
6-acetQxymethyltetrahydropyranyl. 
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Tne final product represented by formula (III) is obtained 
from the intermediate compound of formula (VI) by hydrolytic 
desacylation at C-14 position with alkali in an organic solvent 
such as lower alcohol and aqueous acetone i m other words, 
starting from daunoinycin, the final 4»-jsubstituted de- 
rivatives Of the formula (III; are obtained by four steps 
of treatment in the above patent applicaiion (hereinafter 
referred to as prior art process;. Thus this method of 
preparation has some disadvantages in complicated process 
and low yield of reaction. A possiole reason for low yield 
of reaction might be found in the observation that, on 
bromination of daunomycin at C-14 position, a by-product 
represented by formula (VII) 




OCHa O OH 



CH3O OCH3 
V / 
C - CHzBr 



O 



0 

m) — ^ 



NH2 



( Tfli ) 



is formed in addition to the aimed compound represented 
by formula (I), resulting in the poor yield of the latter 



''D: <EP OO3906OA1J_> 



^'039060 

- 13 - 

keto type compound. Moreover the complicated process con- 
sisting of 4 steps of reaction seems to be reflected in the 
overall low yield. Under these circumstances, a more re- 
asonable method of preparation has been sought for. 

♦ 

Therefore, the present inventors have made research on 
improved method in order to raise the yield of the final 
product of the formula (III), in the course of this research, 
they have found a very interesting fact that C-14 position 
bromination of daunomycin using a less quantity of methanol 
than in said prior art process .decreases the yield of the 
compound (VII; and produces the keto compoxind (1) as main 
product , 

The present inventors have also found a fact that the 
treatment with acetone at room temperature transforms the 
compound of the formula (VII; which is now by-product to 
the keto compound represented by formula (I; and the material 
enriched in said compound of the formula (I; is converted 
effectively into a compound of the formula (11) by treatment 
with a hydroxyl reagent. 

In practice, as detailed later in Examples, a daunomycin 
acid addition salt such as daunomycin hydrochloride in dry 
methanol is brominated with bromine in methylene chloride 
in the presence of methyl orthoformate or dioxane and then 
the reaction mixture is poured in dry ether. The treatment 
of the resulting precipitates with acetone gives the compound 
represented by formula (I). 

In the present invention the aimed compounds, new adria- 



.OO3906OA1 I > 



« • • • • 



0039060 

14 - 



mycin derivatives represented by formula (III), are 
obtained by hydrolyzing the compound represented 
by formula (IJ that can be derived from daunomycln in a good 
yield (needless to say, the compound represented by formula 
(II) £er se is also advantaieously employable as the starting 
material;; or by converting the compound represented by 
formula a j to the 4 '-substituted derivatives represented Dy 
formula ai) Which have a tetrahydropyranyl , 6-substituted 
tetrahydropyranyl, tetrahydrofuranyl or 1-alRoxyethyl group 
at C-4' position followed nydrqlysis of the 4-substituted 
derivatives represented by formula (II) to the final product 
Of the formula (III) 

In other i»ords, the aforementioned prior art process is 
Characterized by 4 steps of treatment consisting of bromi- 
nation at C-l4 position; substitution of the bromine with 
an acyloxy group for protection; pyranylation, furanylation 
or etherification at C-4' position; and deacylation at 
C-14 position. In contrast, according to the method of the 
present invention, the aimed compounds represented by 
formula (III) can be prepared in a higher yield by 3 steps of 
treatment from daunomycin in which daunomycin is brominated 
at C-14 position in a less quantity of methanol to give 
largely the keto type of 14-bromodaunomycin of the formula 
(I; and then, without substitution of the bromine with an 
acyloxy group, is pyranylated, . furanylated or etherified 
before debromination. 

In summary, according to the present invention, the 
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production process of the final product (III) from daunomycin 
consists of three steps; 

(1) halogenation (preferably broralnatlon) at C-14 position 
= of daunomycin of the formula (V; with halogen (preferably 

bromine) in an inert organic solvent containing a less 

quantity of methanol 
l2) reacting the obtained halogenated (preferably brominated) 

daunomycin pretreated with acetone, with a hydroxyl 

reagent,, to effect pyranylation, f uranyl^tion, etherifi- 

cation at 0-4' position, 
(3) hydrolysis of halogenated daunomycin derivatives obtained 

in (II) in an organic solvent. 
The compound represented by formula (I) is treated with 
dihydropyrane, dihydrofurane, their derivatives: or alkyl- 
vinyl ether in the presence of an acid catalyst such as 
sulfonates (for example, p-toluenesulfonate and camphor- 
sulfonate) in an inert organic solvent such as dimethyl- 
formamide to provide the 4 '-substituted derivatives re- 
presented by formula (II) 
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C -CHgX 



( n ) 



where is selected from the group consisting of 
tetrahydropyranyl; 6-substituted tetrahydropyranyl 
such as 6-acetoxymethyl tetrahydropyranyl, 
6-inethoxytetrahydropyranyl and 

6-carbon.ethoxytetrahydropyranyl; tetrahydrofuranyl, 
and alkyloxyethyl such as 1-methoxyethyl, i-ethoxy- 
ethyl, 1-butyloxyethyl, 1-isobutyloxyethyl, 
l-(6-n.ethylheptyloxy,ethyl and cyclohexyloxyethyl; 
X is a halogen atom, 

and the 4 '-substituted derivatives represented by 
formula ai) are debrorainated with alkali at position 14 
in aqueous acetone or in a lower alcohol. 
It is apparent that the method of the present invention is 
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industrially more advantageous than prior art process, 
because the ketal-type of the halogenation product is 
least formed and the one step-less process results in the 
improved yield and purity of the aimed products. 

It can also easily be understood that the method of the 
present invention is profitable for efficient synthesis of 
adriamycin from daunomycin without the above-described 4'- 
substitution step^ 

As the typical 4'-;5Ubstitutes, tetrahydropyranyl and 
tetrahydrofuranyl are described in the attached examples. 
As detailed in the aforementioned patent application, di- 
hydropyrane compound, dihydrof urane compound and alkylvinyl 
ether compounds providing b-substituted tetrahydropyranyl 
SUCH as 6-raethoxy tetrahydropyranyl, 6-carbomethoxy tetra- 
hydropyranyl and 6-acetoxy tetrahydropyranyl; .tetrahydro- 
furanyl and alkyloxyethyl such as 1 -me thoxy ethyl, 1- 
ethoxyethyl, 1-butyloxy ethyl, 1-isobutyloxy ethyl, 
l-(6-methylheptyloxy) ethyl and cyclohexyloxy ethyl are also 
desirably employed for 4 '^.substitution. 

For tetrahydropyranylation, tetrahydrofuranylation 
and etherification (tbese can collectively te called 
etherif ication in a broad sense;, benzene, toluene, 
dimethylf ormamide (DMF) , tetrahydrof urane(THF) , 
dimethylsulfoxide(DMSO) , dioxane and acetonitrile are 
used as anhydrous solvent solely or in mixture. As the 
acid catalyst, sulfonates and particularly aromatic 
sulfonates such as p-toluenesulf onate, benzenesulf onate 
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and DL-camphorsulfonate are preferable. It Is needless 
to say, Of course, that other common acid catalysts are 
also employable in the present Invention. Favorable 
combinations of the acid catalysts with the solvents are 
p-toluenesulfonate in anhydrous WF, p-toluenesulfonate 
in a mixture of anhydrous DMSO and anhydrous THP or in 
a mixture of anhydrous DMSO and anhydrous dioxane. and 
DL-camphorsulfonate in anhydrous DMP. The etherification 
• step can usually be completed in 20 minutes - 50 hours 
at room temperature^. 

Hydrolysis of 14-bromodaunomycin derivatives in a 
water-miscible solvent such as lower alcohol (for example 
n^ethanol and etbanol) ..and aqueous acetone is carried out 
at room or slightly elevated temperature with alkali such 
as aqueous sodium hydroxide, while the extent of 
debromination is monitored by thin layer chromatography. 

The products Of the present invention are obtained in 
the free base form dr the acid addition salt form depending 
on the starting. material employed. If desired, the free 
base can be converted to the acid addition salt by usual 
methods Of salt formation or the acid addition salt can be 
recovered in the free base form. 

The tetrahydropyranyl. tetrahydrof uranyl or alkoxyethyl 
derivatives obtained by the etherification method of the 
present invention are a diastereomic mixture of isomers 
a and b. Thus they are separated into individual isomers 
and -purified at room temperature by conventional methods 
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Of purification for anthracycllne glycosides. 

For example, after solid mattei-s are removed by 
•filtration, the filtrate containing the aimed products is 
concentrated to dryness to give crude powder. The crude 
powder is then subjected to purification by alumina or 
silica gel column chromatography, thin layer chromatography 
and the like. The diastereomers a and b of the 4'-o- 
substituted derivatives of the present invention seem to 
have absolute configurations R and S at the chiral center, 
because the two isomers differ in the chemical shift of the 
me thine protons corresponding to the chiral center. 

The final compound of the formula (III) according to 
this invention process are obtained in the yield based 
on daunomycin as shown in the Table 1, 

Some examples of the present invention are described 
hereinafter but they should not be construed to limit the 
scope of invention in any way. 

Example 1. 4 '-O-Tetrahydropyranyladriamycins a and b 

14-Bromodaunomycin hydrochloride (6.0 g) is dissolved in 
100 ml of anhydrous dimethyl formamide. To this solution, 
25 ml of dihydropyrane and 25 mg of DL-camphorsulfonic . acid 
are added and allowed to react at 25*0 for 6 hours. 
Monitoring by silica gel thin layer chromatography 
(chloroform : methanol = 9 : 1 by volume) reveals the 
formation of two new compounds having Rf values of 0.32 
and 0.44 with the concomitant disappearance of the 
starting material. The reaction mixture is poured in a 
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fixture Of 1 liter acetone and 500 .1 water and Is kept 
at pH llto.l under vigorous agitation wlthO.SN trisodiun, 
Phosphate. The two compounds having the said Rf values 
are found to change slowly to new products having Rf values 
Of 0.12 and 0.23 by thin layer chromatography. After" re- 
action for one hour at 250C, the solution is neutralized 
by IN hydrochloric acid and acetone is removed by evapo- 
ration under reduced pressure. The concentrate is ex- 
tracted with 500 ml and 200 ml of methylene chloride. The 
.^ethylene chloride extracts are. combined; rinsed three 
times With 500 ml of water; and. then dried over anhydrous 
sodium sulfate. The methylene chloride solution is charged 
on a column of 50 g silica gel (E. Merck, Darmstadt; 
Kieselgel 60, 70 - 230 mesh) and the column is washed with 
1 liter Of chloroform. Chloroform-methaaol fixture is used 
for elution. Each 26 ml fraction is monitored by thin layer 
Chromatography for product analysis. Tractions containing 
a product Of Rf o.23 are combined- and concentrated under 
reduced pressure- to provide 1.7 g of dark red solid matters 
Of 4'-0-tetrahydropyranyladriamycin b (yield 29 . 
Recrystalllzatlon from methylene chloride gives 0.54 g of 
the above product in the pure state. Melting point under 
decomposition : 191 - 192'C, 

NHR(CDCl3, pp„) l.33(6-H), 1.50 ~ 1 . 9e( tatrahydro- 
Pyranyl-„), 4.07(4--0-»ethyl-H,. 4.73(14-H,. 1.72(,„o„eric 
Hof the tetrahydropyranyl group), 5.27(1'-H), 7.31-8.06 
(1 ~ 3-H) 
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IR(KBr, cm-1) 3680, 3530, 3390, 1720, 1618, 1578, 1407, 
1294, 1209, 1121, 1110, 1075, lOOO,' 988, 960, 815, 761. 
(0(]^D 202.7- (c=o"75, CHCI3) 

Fractions containing the product with Rf 0.13 give 
0.65 g of 4'-0-tetrahydropyranyladrlamycin a. 

Example 2. 4 •-o-Tetrahydropyranyladriamycins a and b. 

Daunomycin hydrochloride (226 mg) is dissolved in 
4 ml of anhydrous methanol and is mixed with 0.2 ml of 
methyl orthof ormate ^nd 8 ml of, dioxane. After 0.83 ml 
of bromine solution in methylene chloride (10 % w/v) is 
added, the reaction is carried out at 25= C for 40 minutes. 
The reaction mixture is poured in 50 ml of dry ether and 
the precipitates formed are recovered by centrif ugation. 
The supernatant solution is discarded. After washing 
twice with 5 ml of dry ether, the precipitates are treated 
under agitation in 12 ml of acetone at 25''C for one hour. 
The treated deposits are collected by centrif ugation; 
rinsed twice with ether and dried to give 226 mg of red 
powder of 14-bromodauhomycin hydrochloride (yield 87 
The red powder is dissolved in 7 ml of dry dimethyl- 
formamide and mixed with 2 ml of dihydropyrane and 10 mg 
of p-toluenesulfonic anhydride. After reaction at 20»C 
for 3 hours, the reaction mixture is poured in a mixture 
of 60 ml acetone and 30 ml water and allowed to stand for 
30 minutes at pH 11. 0 - 11. 5 under control with IN sodium 
hydroxide. The solution Is neutralized with diluted 
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hydrochloric acid and most of the acetone Is evaporated 
off under reduced pressure. The concentrate is extracted 
three times with 30 ml of chloroform. The chloroform 
extracts are combined; rinsed three times with water and 
dried over anhydrous sodium sulfate. The chloroform' 
solution is concentrated under reduced pressure to give 
dark red solid matters. Purification is performed with 
silica gel thin layer plates (E. Merck, Darmstadt; silica 
gel 60, 20 X 20 cm, 2mm thick). Satisfactory separation 
is obtained by developing with .a solvent mixture of 
chloroform and methanol (9 : 1). Silica gel powder cor- 
responding to the area of Rf 0.23 is scraped off arid eluted 
with a mixture of chloroform and methanol (2 ; 1). The 
eluate is concentrated to dryness under reduced pressure to 
provide 54 mg of reddish brown solid of 4 • -0-tetrahydro- 
pyranyladriamycin b (overall yield 21 %), 

Similarly 39 mg of 4 '-Q-tetrahydropyranyladriamycin a 
(overall yield 16 %) is recovered from the area of Rf Q.ia. 

Example 3. 4'-0-Tetrahydrofuranyladriamycin. 

14-Bromodaunomycin hydrochloride (l.io'g) in 30 ml 
of dry dimethyl forroamide is mixed with 0.2 ml of dihydro- 
furane and a small amount of DL-camphorsulfonic acid and 
then allowed to react at a temperature of 20 - 25»C for 3 
hours. The reaction solution is diluted with a mixture of 
200 ml acetone and 100 ml water and stirred vigorously for 
one hour while the pH of the solution is maintained at 
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11 i 0.1 by addition of 0.5 N trisodiuro phosphate. After 
neutralization with 1 N hydrochloric acid, the acetone is 
removed by evaporation in vacuo . The concentrate is sub- 
mitted to extraction twice with 50 ml of methylene chloride, 
and the methylene chloride extracts are combined and rinsed 
three tiroes with water. The methylene chloride solution 
is passed through a column of 20 g silica gel.(E. Merck, 
Darmstadt; Silica gel eo) and the adsorbed products are 
separatedly eluted with a solvent system of chloroform and 
methanol under monitoring by thin layer chromatography 
(chloroform ; methanol = 9 : 1 by volume). Fractions con- 
taining compounds of Rf 0.16 and 0.19 are collected and 
concentrated to dryness to give 350 mg of dark red solid 
of 4'-0-tetrahydrofuranyladriaroycin (yield 33 %). 

Melting point under decomposition : 189 - 194* C. 

NMRCCDClg, ppm)" 1.25^ 1.27(6'-methyl-H), 1.67 -.2.30 
(tetrahydrofuranyl-H), 4.07(4-0-methyl-H) , 4.75(14-H), 
5.17 and 5.38(an<?meric H of the tetrahydrof uranyl group), 
5.30(1»-H), 7.3b-'8.07(l-^3-H). 

Example 4. Adriaroycin hydrochloride. 

To a solution of 226 mg of daunomycin hydrochloride 
in 4 ml of anhydrous methanol, 0.2 ml of methyl orthoformate 
and 8 ml of dioxane are added. After 0.83 ml of bromine- 
methylene chloride solution (10 w/v) is poured therein, 
the reaction is carried out at 25* C for 40 minutes. The 
reaction solution is diluted with 50 ml of dry ether and 
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the formed precipitates are collected by centrif ugation, 
whereas the supernatant is discarded. The precipitates are 
washed twice with 5 ml of dry ether and then treated under 
agitation with 12 ml of acetone at 25**C for one hour. 
After dilution with aqueous acetone, the acetone solution 
is kept for 20 minutes at pH 11 + 0.1 by adjusting with 
0.5 M sodium phosphate. The treated solution is neutralized 
and the acetone is evaporated off in vacuo . The product 
is extracted repeatedly with a chlorof orm-;methanol mixture 
and the extracts are combined and dried over anhydrous 
sodium sulfate. 

After concentration in vacuo, adriamycin hydrochloride 
is forced to precipitate by adding me thanolic hydrochloric 
acid and anhydrous ether to the chloroform concentrate. 

Melting point under decomposition : 204 205" C. 

[^)d° ■^248*(c*0.1, CHgOH) 
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What we claim is: 

a) A method for preparation of anthracycline glycoside 
represented by formula (Illi or their acid addition salts 



les 




(III) 



where is selected from the group consisting of 
hydrogen; tetrahydropyranyl ; 6-substituted tetra- 
hydropyranyl such as 6-acetoxyinethyltetrahydropyranyl, 
e-methoxytetrahydropyranyl and 6-carbomethoxytetra- 
hydropyranyl; tetrahydrof uranyl; and alkyloxyethyl 
such as 1-methoxyethyl, 1-ethoxyethyl, 1-butyloxy ethyl, 
1-isobutyloxyethyl, l-(6-raethylheptyloxy)ethyl and 
cyclohexyloxyethyl, ' 
in which 

(a) 14-halogenodaunom*ycin represented by formula (I) or its 
salts that can be derived from daunomycin or its salts 
by halogenatlon .in the presence of an inert organic 
solvent followed by acetone treatment; 
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. HO>j f 

NH2 

where X is halogen atom^ 

(b) 14-halogencxiaunomycin or its salts per se; or 

(c) 14-halogenodaunomycin derivatives represented by formula 
(II) or their salts that can be obtained by treating 14-* 
halogenodaunomycin or its salts in the presence of an 
acid catalyst in an organic solvent with dihydropyrane; 
dihydropyrane derivatives such as 2-acetoxymethyl-3, 
4-dihydro-2H-pyrane , 2-methoxy-3 , 4-dihydro-2H-py rane 

and 2«carbomethoxy-3,4-dihydro-2H-pyrane; dihydrof urane; 
and alkylvinyl ether such as methylvinyl ether, 
butylvinyl ether, isobutyl vinyl ether, 6-methylheptyl- 
vinyl ether and cyclohexylvinyl ether; 
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C - CHgX 



( n ) 



where R is selected from the same group as defined 
for except hydrogen, X is the same as defined, 

are hydrolyzed by alkali treatment in a lower alcohol or 

aqueous acetone. 

(2) The method for preparation of anthracycline glycosides 
or their acid addition salts as defined in claim 1, in which 
the starting material is 14-halogenodaunomycin represented 
by formula fl J which is derived from daunoraycin or its salts 
by halogenation followed by acetone treatment, 

(3) The method for preparation of anthracycline glycosides 
or their acid addition salts as defined in claim 1, in 
which 14-halogenodaunomycin or its salts joer se are employed 
as the starting material. 
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C4) The method for preparation of anthracycline glycosides 
or their acid addition salts as defined in claim 1, in 
which the starting materials are 4 '-substituted 14-halogenc 
daunomycin derivatives or their salts that are obtained 
from 14-halogenodaunoniycin or its salts by tetrahydro- 
pyranylation , 6-substituted-tetrahydropyranylation, 
tetrahydrofuranylation or alkyloxyethylation at position 4' 
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